thin loess cap is also common on upland areas throughout this region. The soils in this study area predominantly have a thermic soil temperature regime and a udic soil moisture regime. The region has a humid continental climate with an average annual rainfall of 865 to 1145 mm. Most precipitation falls from highintensity, convective thunderstorms from late spring through autumn (NRCS, 2006) . The humid climate provides adequate moisture for the processes of in situ clay mineral formation and clay translocation.
The genesis of nearly all Vertisols and vertic intergrades is dependent on two conditions: (i) a large quantity of 2:1 expandable clay minerals; and (ii) a seasonal wet-dry cycle that causes the expansion and contraction of the soil material (Soil Survey Staff, 1999) . The spectrum of vertic characteristics and properties is wide. Vertic soils occur in nearly every major climatic zone and under many different vegetation types.
The vast majority of vertic soils are dominated by smectite. The smectitic clays may be inherited from the original rock parent material or may have formed in place as a result of neogenesis or transformations from primary minerals. In general, soil-forming processes that lead to the formation of vertic soils control the formation and stability of smectites in soil. Such minerals are capable of expanding and contracting with changes in the moisture status (Eswaran et al., 1988) . The expansion and contraction of interlayer spaces as well as interparticle shrinkage between stacked clay particles and clay particle aggregates (domains) in the microstructure is responsible for the shrink-swell phenomenon that defines vertic soils. Several other minerals can be present in the clay fraction of vertic soils as well and can be in equal or greater abundance than smectite. For instance, kaolinite, vermiculite, clay mica, and quartz often can significantly contribute to the clay fraction.
At the microscopic level, plasma separations, stress cutans, and planar voids are characteristic of Vertisols and vertic intergrades (Blokhuis et al., 1988) . Lineated zones of oriented plasma (clay particles) in which clay platelets are stacked face to face form within the microfabrics of vertic soils due to the shear stresses associated with swelling. These elongated zones of oriented plasma are known as plasma separations and represent zones of previous shear failure (Coulombe et al., 1996; Wilding and Tessier, 1988) . Porostriated (vosepic), granostriated (skelsepic), parallel striated (masepic), and cross-striated (lattisepic) b-fabrics indicate microshear (Wilding and Tessier, 1988) . Nettleton and Sleeman (1985) cited many researchers who found that shearing produced parallel-striated b-fabrics within the clay-sized material. Gunal and Ransom (2006a) found that shrink-swell was associated with striated b-fabrics in Bt horizons in central Kansas. Often the striated b-fabrics occurred in the upper part of the argillic horizons with larger COLE values Ransom, 2006a, 2006b) . Shearing in both the horizontal and vertical directions is believed to produce cross-striated fabric (McCormack and Wilding, 1974) . Unrelated plasma separations were not considered characteristic of vertic soils by Blokhuis et al. (1988) ; however, they are commonly described in these soils. For example, although commonly occurring in vertic soils, speckled (asepic), stipple speckled (argillasepic or insepic), mosaic speckled (mosepic), and random striated (omnisepic) were considered unrelated b-fabrics by Blokhuis et al. (1988) . Void types found in vertic soils are not so different than other soils, although planar voids often form at shear planes and tend to dominate the subsoil horizons of vertic soils.
The objective of this study was to investigate the macro-and micromorphology as well as the clay mineralogy of selected vertic soils of the Cherokee Prairies MLRA. In addition, we aimed to understand the genesis and pedogenic processes, particularly clay illuviation and shrinking-swelling and the effect that this has on the expression of vertic processes, particularly in this region where Vertisols are not common.
MATERIALS AnD METHODS

Field Description and Sampling
Eight pedons representative of the clayey, vertic soils common to this region were selected for this study (Fig. 1 ). Pedons were sampled in the following Kansas counties: Osage, Franklin, Woodson, Allen, Wilson, and Neosho. Three pedons were sampled through the spring and summer of 2009: Site A (Bucyrus 09KS139001); Site B (Woodson 09KS059001); and Site C (Summit 09KS207001). The remaining six pedons were sampled and described by NRCS soil scientists before the beginning of this study, including: Site D (Woodson 73KS001003); Site E (Zaar 05KS205002); Site F (Zaar 97KS205001); Site G (Kenoma 05KS133003); and Site H (Parsons 06KS133001). All pedons were sampled by excavating to a depth of 1 to 2 m with a backhoe. Pedons were described using Schoeneberger et al. (2012) . For each horizon, bulk samples were taken for laboratory characterization, oriented clods were collected for thin section preparation, and nonoriented clods were sampled and coated in saran for bulk density measurement. The slope percentage and position were also described.
Mineralogy
Total clay and silt mineralogy were analyzed for selected horizons by the methods of Jackson (1975) . Forty-gram samples of the <2-mm air-dried fraction were pretreated with 1 mol L −1 NaOAc and 30% H 2 O 2 to remove carbonates and organic matter, respectively. The samples were dispersed and passed through a 50-mm sieve (300 mesh), where the sand was collected. The silt and clay fractions were separated through a series of eight sedimentation cycles, where Stokes' law was used to calculate sedimentation times for a 10-cm depth of fall ( Jackson, 1975) . The clay fraction was flocculated with MgCl 2 and quick-frozen in a bath of dry ice and ethanol, then the water was removed through freeze-drying. The silt fraction was oven dried to a powder.
Six clay treatments were prepared for each sample: Mg-25°C, Mg-ethylene glycol, Mg-glycerol, K-25°C, K-350°C, and K-550°C. Solutions containing 30 mg of clay for each treatment were pipetted onto a glass slide and allowed to dry to provide a parallel-oriented mount.
A Phillips XRG-3100 generator and an APD X-ray diffractometer were used to analyze all samples. The instrument was equipped with a Theta compensating slit, and a monochromatic X-ray beam was obtained using a graphite monochromator. The instrument was operated with VisualXRD software (GBC Scientific Equipment Pty. Ltd.).
The clay slides were scanned from 2 to 34°2q for the Mg-25°C treatment and from 2 to 15°2q for the other five treatments. Silt samples were scanned from 18 to 54°2q using randomly oriented powder diffraction specimen holders. Mineral peaks were identified by their d-spacing, and the relative abundance of each clay mineral was estimated using peak intensities.
Micromorphology
Thin sections were prepared for each horizon by a commercial laboratory (Texas Petrographics) for Sites A, B, and C. For Sites D, F, G, and H, thin sections were prepared for selected horizons by the National Soil Survey Laboratory. (Oriented clods for thin section preparation were not available for Site E.) Thin sections were examined with a petrographic microscope (Model Optiphot-Pol, Nikon) using plane-and cross-polarized light. Photographs were taken using a camera system (Model UFX, Nikon) attached to the microscope. Thin sections were qualitatively described using the terminology of Stoops (2003) .
Particular attention was given to the description of the micromass and pedofeatures.
Laboratory Characterization
Three clods per horizon were collected for bulk density measurements (Soil Survey Staff, 2009, Method 3B1) , and COLE values were calculated (Soil Survey Staff, 2009, Method 3.5 .4) Bulk samples were allowed to air dry and were then ground with a wooden rolling pin and passed through a no. 10 sieve with 2-mm square openings. Total C and total N were determined using a high-frequency induction furnace (Leco Model CNS-2000) following the procedure of Tabatabai and Bremner (1970) . The particle size distribution was determined using the methods of Kilmer and Alexander (1949) and Soil Survey Staff (2009, Method 3A1).
RESuLTS AnD DISCuSSIOn
Field Morphology, Laboratory Data, and Soil Classification
The field morphology of these polygenetic soils reflects the multiple geologic parent materials present in the Osage Cuesta region of Kansas (Table 1 ). All sites were on low-relief uplands and interfluves. Site A was located on a 4% slope on the backslope of an interfluve. Site B had 1% slope and was on the shoulder of an interfluve. Site C was on a 4% slope on the backslope of an interfluve. Site D had a 1% slope and the position was noted only as "nearly level upland." Site E had 0.2% slope on a tread of a paleoterrace on a hill. Site F had 1% slope on a footslope. Site G had 1% slope on the shoulder of a tread of a paleoterrace on an alluvial plain remnant. Site H had 4% slope on the backslope of a sideslope of an upland.
Mollic epipedon criteria were met at all but Site H, which failed to meet the mollic criterion for depth. Site H also contained an albic E horizon and thick argillic horizon from 28 to 205 cm. For this study, the dominant pedogenic processes of interest were translocation of clay and shrink-swell processes. Soil movement and mixing associated with shrink-swell tends to destroy the evidence of clay illuviation (Nettleton et al., 1969) . Clay increases and the formation of argillic horizons in the upper part of the profile are primarily caused by clay illuviation, but given the humid climate, clay mineral formation through neogenesis is thought to have contributed to the abundance of clay throughout these soils. Clay films are observed in the field in the majority of soils in the region but are best expressed in soils exhibiting the least shrink-swell potential. This was shown, for instance, in the upper argillic horizons at Site B (Table 2) , which generally expressed little evidence of vertic soil movement. The Bt1 horizon was described with 70% continuous faint black (10YR 2/1), moist, and very dark gray (10YR 3/1), moist, clay films on all faces of peds. The reverse is true in that soils exhibiting greater shrink-swell potential have less strongly developed clay films or none at all. The Vertisols at Sites E and F, for example, were described with no clay films. Therefore, the study pedons can be placed into three major categories of clay illuviation vs. vertic properties. Nonvertic soils with silty surface layers (Sites A, B, D, G, and H) occur on slopes of 1 to 4% and have strongly developed argillic horizons. Silt loam and silty clay loam surface soils overlie large shrink-swell argillic horizons at all but Sites E and F. Sites A, B, D, G, and H have an abrupt textural change at the top of the argillic horizon, with >20% clay increase from the overlying horizon (Table 3) . Slickensides were described at Sites B and G, and all four soils had large COLE values in the argillic horizon; however, evidence of soil movement, cracking, and pedoturbation was least apparent at these sites.
In contrast, the second group, hereafter referred to as vertic soils, includes Sites E and F, which had slopes of 0.2 and 1%, respectively. These pedons contained little evidence of clay illuviation. No argillic horizon or abrupt textural changes were observed, and no clay films were described in the field. Evidence of soil movement and cracking due to shear stress associated with soil volume fluctuations was apparent. Many slickensides were described, and the soils exhibited increased COLE values ranging from 0.113 to 0.182 m m −1 . Vertic processes potentially destroyed clay films that might once have been present, or shrinkswell events over several hundred or possibly several thousand years may have caused the mixing of surface and subsurface horizons, resulting in a uniformly clayey soil.
The third category is one that is transitional between vertic and nonvertic soils in its properties, and there is only one pedon (Site C) that falls into this group. Site C is a 4% backslope and appears to express characteristics intermediate between the two major groups of soils. Site C has a well-defined argillic horizon, which is not usually present in a Vertisol. However, many slickensides were described along with wedge structure. Furthermore, the COLE summed to a depth of 1 m was 11 m m −1 , which proves that this soil has a significant shrink-swell potential. Site C is classified as a Typic Epiaquert. Even so, the surface horizon of Site C is silty clay loam in texture, with 35% clay, which contrasts with the other nonvertic soils in that they have lower clay contents in the surface. Due to this intermediate surface clay content, and because there are clay films in this soil, it appears to be intermediate between the nonvertic and vertic soils in this study.
Mineralogy
Figure 2 displays the clay mineral abundance and X-ray diffraction (XRD) patterns for two selected sites that represent one Vertisol (Site E) and one vertic subgroup (Site G). Smectite dominated the clay fraction, with abundances in selected horizons of Site E ranging from 40 to 60% throughout. The same is true for one other Vertisol, Site F. However, Sites B and D were also dominated by smectite. At Sites B, D, E, and F, smectite dominated the clay fraction, with abundances in selected horizons ranging from 40 to 60% throughout. Kaolinite was the next most common clay mineral in all horizons (15-30%). Clay mica made up 5 to 15% of the clay, and clay-sized quartz usually accounted for <10%. Minor amounts of feldspars were present in all four soils. In the upper horizons of both Woodson soils, Sites B and D, as well as in the Ap horizon at Site C, small amounts (<10%) of a hydroxy-interlayered mineral were present. This mineral is probably a hydroxy-interlayered smectite or vermiculite, as suggested by the broad shoulder on the 10 Å peak of the K-25°C treatment that persisted when heated to 350 and 550°C (K-350°C and K-550°C treatments) (Fig. 3) .
The soils at Sites A, C, G, and H exhibited mineralogy that was still dominated by smectite; however, there was a higher content of other clay minerals. At Sites A, C, G, and H, smectite still made up a significant portion of the clay fraction, and as would be expected, this was especially true in the argillic horizons. At Sites A, C, and H, smectite contents increased to as much as 40% in the argillic horizons. The fluctuations in the smectite content tended to reflect changes in the ratio of fine clay to total clay. When the fine clay/total clay ratio increased in the argillic horizon, the smectite content increased as well. The mineralogy of the fine clay fraction was not determined for this study, but many studies have found that smectites often make up nearly the entire fine clay fraction (Gunal and Ransom, 2006a) . Kaolinite contents at Sites A, C, G, and H were generally greater than in the Woodson (Sites B and D) and Zaar soils (Sites E and F) and ranged from about 25 to 45%. Vermiculite was found in all four of the soils that contained lower amounts of smectite (Sites A, C, G, and H).
At Sites A, C, and G, an interstratified mineral was identified in some of the horizons. This mineral was interpreted to be a regularly interstratified mica-smectite or regularly interstratified mica-vermiculite (a distinction between the two was not made), having a regularly repeating pattern of interstratified layers of mica and either smectite or vermiculite. This mineral was identified in XRD patterns of the Mg-25°C treatment based on the presence of shoulders and small peaks at about 24 Å (data not shown). Several other researchers have found both regularly and randomly interstratified minerals similar to these (Sawhney, 1989; Gunal and Ransom, 2006a; Murashkina et al., 2007; Fanning et al., 1989; Moore and Reynolds, 1997) . Murashkina et al. (2007) and Sawhney (1989) termed this mineral hydrobiotite. It is thought to form as an alteration product of mica weathering involving the replacement of K by Mg or Ca in alternate interlayer zones (Sawhney, 1989) .
The field morphology and basic laboratory characterization data allowed placement of the eight study pedons into three groups (nonvertic, vertic, and intermediate). Most Vertisols are assumed to have a large smectite fraction that, along with the climate, creates shrink and swell cycles. In this study, however, mineralogy alone did not explain the presence of vertic properties. The vertic soils, Sites E and F, are indeed dominated throughout by smectite. The intermediate Site C has mixed mineralogy. Of the five nonvertic pedons, two have smectitic mineralogy and three have mixed mineralogy. Therefore, mineralogy does not seem to be the driving factor behind the occurrence of Vertisols in MLRA 112.
Micromorphology
Micromorphologic investigations were undertaken primarily to examine the extent of clay illuviation and the effects of shrink-swell. In all soils, disruption of illuvial clay features by shrink-swell movement was evident. Striated b-fabrics dominated, except in surface horizons overlying argillic horizons with small COLE values ( generally varying amounts of illuviated clay that were preserved either on void and grain surfaces or embedded within the matrix. Illuviated clay was distinguished from stress-oriented clay based on the sharpness of boundaries and the thickness of the normally linear-shaped oriented clay zones. Stressoriented clay and illuvial clay that has been deformed by pressure tended to have characteristics of the matrix fabric and more diffuse boundaries and often resembled large linear striations under cross-polarized light. Some well-developed clay films were observed in the argillic horizons of these soils; however, they appeared discontinuous in the thin section (Fig. 4) . Gunal and Ransom (2006a) reported, in a study of loess-derived soils in Kansas, that illuvial argillans were not observed when the plasmic fabric was lattisepic or striated. The Gunal and Ransom (2006a) report suggests that large voids and ped surfaces do not persist long enough to accumulate clay particles; however, based on the distorted, embedded remnants of old illuvial features, significant translocation and illuviation of clay is apparent. While studying Vertisol formation in a humid climate, Nordt et al. (2004) observed argillans in the lower part of the pedon but not in the upper horizons where shrinkswell activity was greatest. They concluded that translocation of clay was occurring, but clay films were preserved only in the lower pedon where ped and void surfaces were more stable. Other studies of soils in humid climates reached similar conclusions (Mermut and Jongerius, 1980; Yeríma et al., 1987; Wilding and Drees, 1990) .
Surface layers at Sites A, B, C, D, and H had no evidence of accumulations of oriented clay and were almost entirely dominated by stipple-speckled bfabric in the plasma fabric or micromass. Surface horizons at these sites exhibited a more open granular or subangular blocky structure, whereas the argillic horizons in the subsoils were much more dense, with accommodating channels and many linear planes resulting from shrinkage and shear slippage (Stoops, 2003) . The microstructure of the clayey surface horizons at Site F (one of the Vertisols) resembled that of the subsoils in other pedons with a blocky, dense appearance and the presence of linear planes. Some small zones of weakly developed striated b-fabric were present in the Ap horizon at Site F, but stipplespeckled b-fabric was much more common.
All subsoils exhibited features that were interpreted as remnants of older illuvial argillans that had been deformed and/or embedded within the matrix by pressure and shearing ( Fig. 5 and 6 ). Similar embedded grain argillans were observed by Wehmueller (1996) , Rabenhorst and Wilding (1986), and Ransom and Bidwell (1990) . Sites A, B, D, G, and H appeared to show the least deformation of argillans. Some illuvial clay coatings appeared undisturbed, and many others had been embedded, but their deformation was not as severe as at Sites C and F. Coatings and infillings of silt were found in channels in several soils, especially in the upper argillic horizons of Sites A, B, D, G, and H (Fig.  7) . These silt coatings exhibited no birefringence colors, suggesting small clay content. Parallel striated, granostriated, and porostriated b-fabrics were present in all subsoils examined. Ransom (2006a, 2006b ), Presley et al. (2004) , Wehmueller (1996) , and Glaze (1998) also observed striated bfabrics in argillic horizons in Kansas. Monostriated, cross-striated, and crescent-striated b-fabrics also were observed. Striated b-fabrics generally were the most strongly expressed in the lower part of the profile or in the zone of maximum slickenside development. Many linear planes were observed of varying size (Fig. 7) , which were interpreted as slickenside surfaces or zones of shear failure because of large linear zones of stress-oriented clay present on either side of these planes with monostriated b-fabrics.
Model of Soil Genesis
The distortion of illuvial clay features observed in thin section suggests that these claypan soils have developed over a great deal of time and incremental stages of development and deposition. A period of significant clay illuviation to create the clay films was followed by a second period of shrink-swell activity that effectively distorted and embedded the clay films. Later, at some point during soil formation, silty, nonexpansive surface soils with underlying claypans developed due to a variety of possible reasons including deposition of loess on top of clayey alluvium or residuum, translocation of clay downward and/ or laterally in the soil, and/or clay particle destruction through ferrolysis (Ransom and Smeck, 1986 curred on lower, flatter landscape positions, which might be expected to have received deposition of soil from upper parts of the landscape. Site C, the Vertisol with an intermediate surface clay content as well as preserved clay films, was sampled on a 4% backslope of an upland interfluve. Therefore, landscape position alone also does not aid in the prediction of a Vertisol.
The change in texture between the surface silty mantle and the clayey subsoil may also be compounded by a difference in structure. For example, in eastern Kansas, Eck et al. (2013) observed the structural unit size and orientation in a fine, smectitic, mesic Oxyaquic Vertic Argiudoll of the Grundy series, finding units that were oriented horizontally in the surface and vertically in the clayey argillic horizon. After the silty, nonexpansive topsoil is deposited or forms in place, the difference in the clay content, as well as the shape, size, and orientation of the structural units, may act to limit cracking to the surface, and preferential flow through surface cracks is drastically reduced. Thus, differential wetting of the subsoil, needed in the soil mechanics model of Vertisol formation (Wilding, 1982; Wilding and Tessier, 1988) , becomes limited due to the buffering effect of the nonexpansive surface soil. Therefore, the shrink-swell potential of the clayey subsoil is not fully expressed because these horizons dry out less rapidly and perhaps less often, which prevents these soils from developing strongly expressed vertic properties and being classified as Vertisols. Vertisols are found where there is no silty cap; argillic horizons are found where the silty cap reduces the intensity and frequency of wetting and drying in the subsoil, thus preserving the clay films. In some soils of the region (i.e., Zaar series, Osage series, two soil series that are similar to the Vertisols present in this study at Sites E and F), shrink-swell and pedoturbation may provide great enough mixing of surface and subsurface horizons to effectively counteract clay translocation. These soils maintain a clayey, large-COLE-value surface soil, as well as deep cracking that extends to the surface.
COnCLuSIOnS
The study pedons belong to two categories of clay illuviation and vertic properties: soils with silty surface layers have strongly developed argillic horizons, and soils that are clayey throughout lack an argillic horizon because of the disruption of illuvial clay by shrinking and swelling. This is a rather empirical statement, and it is quite possible to have soils that are intermediate between the two categories, as evidenced by one site (C) that had a surface texture that was intermediate between the two groups, having a silty clay loam texture containing 35% clay. Clay mineralogy data showed that four sites (B, D, E, and F) are dominated by smectite. Of these four sites, two were classified as Vertisols and two are Vertic Argiaquolls. The difference is the presence of an ?20-cm mantle of less clayey material on the Vertic Argiaquolls. The remaining four sites investigated in this study contain smectite plus kaolinite, vermiculite, and clay mica.
Smectite-dominated mineralogy alone does not explain or influence the amount of soil volume contraction and expansion or the expression of vertic properties. In all of the non-Vertisols, a large smectite content, in combination with seasonal moisture changes, provided enough shrink-swell movement to deform clay films and create the striated b-fabrics observed in thin section. The distortion of illuvial clay features observed in thin section suggests that these soils have developed through at least two different environments: a period of significant clay illuviation followed by a period of shrink-swell activity. We offer that the nonexpansive silty surface layer present on the five soils that did not classify as Vertisols acts as a buffer and limits shrink-swell by allowing expansive subsoils to dry more slowly and have fewer wetting and drying cycles. This conclusion is a tool that practicing soil scientists can use to predict the presence or absence of a Vertisol in the field, particularly in a region where Vertisols are not commonly mapped, and this information could aid practitioners in avoiding costly land use and management issues.
